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(57) ABSTRACT

A cable termination device of the dry type, including an
insulator housing with an upper end and a lower end and
having a hollow interior, which lower end has an opening for
insertion of the cable. The device further includes a stress
controller device located inside the insulator housing and
adapted to be mounted on a high voltage cable, and an elec-
trically insulating gel filling at least part of the hollow interior
of the insulator housing and surrounding at least part of the
stress controller device. Further, the stress controller device
extends from the lower end of the insulator housing and into
the housing where it has a free end, whereby a space is formed
between the stress controller device and an inner wall of the
insulator housing.

13 Claims, 4 Drawing Sheets
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CABLE TERMINATION DEVICE, A METHOD
FOR PREFABRICATING A CABLE
TERMINATION DEVICE AND A METHOD
FOR ACHIEVING A CABLE TERMINATION

FIELD OF THE INVENTION

The present invention relates to a cable termination device
of'the dry type, and a method for prefabricating such a cable
termination device. It also relates to a method for achieving a
cable termination on a cable, such as a high voltage cable. In
particular, the present invention relates to terminations for
electric cables used for electric power distribution.

BACKGROUND OF THE INVENTION

Cables used for electric power distribution are typically
operated at thousands of volts, and consequently care must be
taken when terminating these cables and connecting them to
electrical components, e.g. switchgear units. At the point
where the cable is terminated electrical stress occurs that
needs to be controlled.

The cable termination typically requires that various
dielectric, insulation, semi-conducting and conductive shield
layers that surrounds the central current carrying conductor
are removed, and that the various semi-conducting and con-
ducting surrounding layers are appropriately connected to the
involved electrical equipment. In particular, electric stress
occurs at sudden changes in the cable shielding system, e.g.
where a semi-conducting outer layer is cut away.

A cable termination for medium and high voltages is nor-
mally an insulator comprising a housing inside which is
located a stress control device mounted on the cable. The
insulator housing is usually of porcelain or a composite. The
function of the stress control device is to control the electric
field, e.g. where an outer semi-conducting layer is cut away.
The stress control device is often cone-shaped, and referred to
as a stress cone. The housing is filled with an electrical insu-
lation medium. This insulation medium is traditionally oil, in
which case the cable termination device is referred to as being
of the wet type. The cable termination device may alterna-
tively be of the so called dry type, for example when the
insulation material is an elastomeric compound as in U.S. Pat.
No. 5,130,495, or a gel of some suitable kind, e.g. a polymer
or silicone gel.

Traditionally, the different parts of the cable termination
device are assembled at the end site and mounted on the cable.
The device is then raised in an upright position. Finally, the
electrical insulating medium, such as oil, is filled into the
insulator housing and the housing is then sealed by mounting
of the top end cap and the external electrical connection.

The assembling work at site is a time consuming procedure
with a medium such as oil that is unfriendly to the environ-
ment. There are risks involved, for example if the cable ter-
mination should explode the damage would be severe with
burning oil.

The existing dry types of cable termination devices have
the main drawback of being expensive.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a cable
termination device of the dry type, for terminating a cable
including a high voltage current-carrying conductor, and
which cable termination device may be prefabricated and
then transported to a final site where it is installed on a cable
in a simple and safe manner. Another object is to provide a
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method for prefabricating such a cable termination device. By
the used term “high voltage™ is referred to electric voltages of
36 kV and above, and often much higher such as hundreds of
kilo volt.

The object of the present invention is achieved by a cable
termination device and by a method for prefabricating and
further by a method for achieving a cable termination.

Accordingly is defined a cable termination device of the
dry type, for terminating a high voltage cable, comprising an
insulator housing with an upper end and a lower end and
having a hollow interior, which lower end has an opening for
insertion of the cable, further comprising a stress controller
device located inside the insulator housing, and adapted to be
mounted on a high voltage cable, and an electrically insulat-
ing gel filling at least part of the hollow interior of the insu-
lator housing and surrounding at least part of the stress con-
troller device, characterised in that the stress controller device
is mounted at the lower end of the insulator housing and
extends from the lower end of the insulator housing and into
the housing where it has a free end, whereby a space is formed
between the stress controller device and an inner wall of the
insulator housing, and that said space is filled with insulating
gel up to a level which is below the free end of the stress
controller device inside the insulator housing.

Through this invention is achieved the advantage that the
cable termination device may be prefabricated, including the
filling of the device with an insulating medium. The insulat-
ing medium inside the device is a gel that may be in such a
viscous form initially that it may be poured into the insulator
housing when the device is in an upright position, and which
will then form a gel after a short period of time, thus allowing
the entire device to be handled and stored without any con-
sideration to if it is upright, or lying on its side etc. Conse-
quently, the prefabricated device may be easily transported to
its final site. The level of insulating gel needs only to be high
enough to surround the major part of the stress controller
device, and consequently there are savings to be made com-
pared to filling the entire insulator housing with insulating
medium. Examples of insulating gel is polymer based insu-
lating gel, silicone gel, or any other type of suitable gel that
can be in liquid form in order to be poured into the insulator
housing, where it will then change or be made to change into
gel form.

The dry type of cable termination device according to the
present invention also has the advantage of a simpler, safer
and quicker installation, since no insulating medium has to be
poured into the device at the installation site, it is a more
environmental friendly product and in case of failure there is
less risk of causing damage to the surrounding environment.
For example, if there should be an explosion, the insulating
gel is close to harmless compared to oil.

The cable termination device according to the present
invention does not necessarily have to be installed in a verti-
cally upright position, but may also be installed at an angle to
the vertical plane, up to an approximate maximum of 45°.

According to one feature, the stress controller device has a
length extending inside the insulator housing that is shorter
than the length of the hollow interior of the insulator housing.
This allows for saving on insulating gel, and it will also be
easier to insert the cable into the stress controller device and
all the way up to the end cap and top connection of the device
when the upper part of the interior of the device is not filled
with insulating gel. Preferably, the stress controller device is
considerably shorter than the length of the hollow interior of
the insulator housing, e.g. approximately half its length, or
two thirds.
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According to a further feature, the stress controller device
comprises a stress control member and a support pipe and the
stress control member is mounted to the insulator housing by
means of the support pipe. The advantage of using a support
pipe and mounting the stress control member, i.e. the member
that performs the stress control function, on the support pipe
is that the stress control member will be located higher up in
the insulator housing which will result in a better stress con-
trol function. The support pipe also keeps the internal part of
the insulator housing that is below the stress control member
free from insulating gel and therefore facilitates the insertion
of'the cable into the housing and into the stress control mem-
ber. The stress control member may have a conical shape, as
is common.

Furthermore, the stress controller device is provided with a
deflector arrangement. This forms part of the stress control
member and is the functional part that is in contact with the
outer semi-conducting or conducting layer of the cable.

According to another embodiment, the cable termination
device may have a stress controller device that comprises a
stress control member of a conical shape wherein a truncated
top of the conical stress control member is provided with a
pipe shaped extension, which pipe shaped extension has a
free end constituting said free end of the stress controller
device. The pipe-shaped extension of the stress control mem-
ber makes it possible to fill insulating gel higher up.

According to an alternative embodiment, the stress con-
troller device may comprise a stress control member of a
conical shape and the stress controller device may further
comprises a pipe shaped extension member mounted on a
truncated top of the conical stress control member, which pipe
shaped extension member has a free end constituting said free
end of'the stress controller device. According to this alterna-
tive the pipe-shaped extension of the stress control member is
a separate part that can be optionally mounted on a conical
stress control member.

According to another feature, the cable termination device
may be self supporting, which makes it easier to handle,
transport and install.

The stress controller device and the surrounding electri-
cally insulating gel may also form a compressible unit which
can adapt to different cable diameters. Generally, the com-
pressibility will also facilitate the insertion of the cable into
the stress controller device and the entire device.

According to yet another feature is defined that the cable
termination device according to the present invention may be
prefabricated, before installation on the cable.

According to the present invention is also defined a method
for prefabricating a cable termination device for a high volt-
age cable, comprising:
mounting a stress controller device, having a hollow interior

adapted for insertion of a cable, inside a hollow interior of

an insulator housing, by mounting the stress controller
device to a lower end of the insulator housing, said lower
end having an opening for insertion of a cable into the
insulator housing,

filling an electrically insulating gel into the insulator housing
in a space formed between the stress controller device and
an inner wall of insulator housing, such that part of the
stress controller device is surrounded by insulating gel, and
to a level where the insulating gel is below a free end of the
stress controller device inside the insulator housing.

This method offers advantages corresponding to the advan-
tages already described above.

The inventive method may further be characterized by
mounting a stress control member on a support pipe thereby
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forming the stress controller device, and mounting the stress
control member by means of the support pipe to the insulator
housing.

According to another feature, a pipe shaped extension
member may be mounted on a truncated top of a conical stress
control member, which pipe shaped extension member has a
free end constituting said free end of the stress controller
device.

According to another aspect of the invention is defined a
method for achieving a cable termination on a high voltage
cable, comprising installation of a prefabricated cable termi-
nation device on a high voltage cable.

To summarize, through the present invention is obtained
the advantages of a cable termination device that is dry both
before and after installation on the cable, and a cable termi-
nation device that is prefabricated and totally ready to be
installed onthe cable when it arrives on the installation site, in
other words a cable termination device of a “plug and play”
type. Furthermore, the cable termination device can be used
on cables having differing diameters.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in more detail, with
reference being made to the enclosed schematic drawings
illustrating different aspects and embodiments of the inven-
tion, given as examples only, and in which:

FIG. 1 shows schematically an embodiment of a cable
termination device according to the present invention, par-
tially in cross section;

FIG. 2 illustrates schematically the cable termination
device of FIG. 1, in cross section, when installed on a cable;

FIG. 3 shows schematically another embodiment of a cable
termination device according to the present invention, par-
tially in cross section; and

FIG. 4 shows schematically an alternative embodiment of
a cable termination device according to the present invention,
partially in cross section.

In the drawings, the same elements or corresponding ele-
ments in the different embodiments have been given the same
reference number.

DETAILED DESCRIPTION OF THE INVENTION

The cable termination device, according to the present
invention, of which an embodiment is shown in FIG. 1, com-
prises an insulator housing 1 including a base member 3, and
a stress controller device 5. The stress controller device in the
illustrated example comprises a stress control member or
stress cone 6, and an intermediate support pipe 7. The stress
control member 6 is mounted on the intermediate support
pipe 7, which in turn is mounted on the base member 3 of the
insulator housing 1. The stress controller device 5 is located
inside the insulator housing 1. The insulator housing 1 has a
hollow interior 9, and it has two open ends, an upper end 10
and alower end 11. Usually, the shape of the insulator housing
is basically cylindrical, with a central bore 12 forming an
inner wall of the insulator housing, sometimes with a tapering
at one or both ends. The insulator housing is provided with a
series of skirts 13 on its external surface and outwardly
extending therefrom. Preferably the insulator housing is rigid
and made of glass fibre, epoxy, silicone, a polymer, porcelain,
rubber or any other material normally used for this type of
device. The insulator housing may also have a core made of
one material, e.g. glass fibre reinforced epoxy, and the skirts
13 may be made of a different material, e.g. silicone. At the
upper end 10, the insulator housing is sealed with an end cap
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15, provided with an external electric connection 17 to which
an inner conductor of the cable is connected.

The stress controller device 5 is mounted inside the hollow
interior 9 of the insulator housing 1 by means of the support
pipe 7 being mounted at the lower end 11 of the insulator
housing, where the base member 3 of the housing is located.
The stress controller device 5 extends from the lower end 11
and into the insulator housing and it has a length that is shorter
than the hollow interior 9 of the insulator housing 1, i.e. it
does not stretch all the way up to the end cap 15. The reason
is that the longer the stress control member 6 is, the more
difficult it will be to insert the cable, and therefore the stress
control member 6 should not be made longer than is necessary
to obtain the required control of the electric fields. The upper
end 25 of the stress controller device is a free end in the
meaning that it is not attached per se to the insulator housing,
thus it is a free end in relation to the insulator housing 1.

An example of a cable 30, see FIG. 2, for which the inven-
tive cable termination device may be used, is a high voltage
cable of the XLLPE type, having an inner conductor 31 sur-
rounded by an insulation layer 32 of XL.PE, and an outer
conductive or semi-conductive layer 33. Before the cable is
inserted into the cable termination device, the cable end is
prepared by peeling off the outer conductive or semi-conduc-
tive layer 33 such that the cable end extending from the stress
controller device 5 up to the end cap 15 is free of this layer.

In the illustrated example, the stress control member 6 has
a conical external shape, which facilitates insertion of a cable.
However, it may also have a more cylindrical shape, for
example. Inside the stress control member is provided a cen-
tral bore 19 adapted to receive a cable. The stress control
member 6 is preferably of a polymer material, rubber or
similar which is at least somewhat resilient. The function of
the stress control member is to control and reduce the electric
field and minimize electric stress generated at the cable ter-
mination. The stress control member is provided with a
deflector arrangement 21 at its lower end, where the cable is
inserted, and which will surround the cable. The deflector
arrangement 21 has the function of controlling and reducing
the electric field and minimizing electric stress occurring in
the region where the outer conductive or semi-conductive
layer of the cable is removed, as explained above.

The support pipe 7 has the function of making it possible
for the stress control member 6 of the stress controller device
5 to be located higher up inside the insulator housing 1. The
higher location of the stress control member provides for a
better effect. The support pipe 7 also provides for a free space
below the stress control member 6 which facilitates the inser-
tion of the cable 30 into the insulator housing and into the
stress control member 6. The support pipe is made of an
electrically insulating material.

The insulator housing 1 is filled with an electrically insu-
lating gel 23, in its lower part. The insulating gel surrounds
the major part of the stress controller device, but the level of
insulating gel will always stay beneath the upper end 25 of
stress controller device, leaving the upper part of the hollow
interior 9 of the insulator housing empty in order not to
obstruct the insertion of a cable 30.

The insulating gel can be of any suitable type, e.g. a poly-
mer, a silicone gel. The insulating gel 23 may be of a type that
is compressible. The stress controller device 5 and the sur-
rounding insulating gel 23 thereby may constitute a com-
pressible unit which allows for the cable termination device to
be used for cables of different diameters. The insulating gel
23 could be of a type that can be poured into the insulator
housing, normally with the insulator housing in an upright
position, and that would change into a gel after it has been
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poured into the insulator housing 1. It should then have a
consistency that will keep it firmly in place even if the cable
termination device is transported lying on its side. The insu-
lating gel should also have good adhesion capability to the
internal wall of the insulator housing and also to the stress
controller device, in order to completely fill out the space
between the stress controller device 5 and the inner wall 12 of
the insulator housing 1.

In FIG. 2 is illustrated a cable 30 with a cable termination
device according to the present invention mounted at its end.

FIGS. 3 and 4 illustrates alternative embodiments where
the stress control member 6 has been provided with an exten-
sion 27, in order to make it possible to fill more insulating gel
23 into the insulator housing 1.

In FIG. 3, the stress control member 6 has a conical shape
and at its truncated upper end it is extended with a pipe-
shaped extension 27. This pipe-shaped extension is made in
one piece with the stress control member, and it has a free end
25 constituting the free of the stress controller device 5.

In FIG. 4, the pipe-shaped extension is made as a separate
member 27 that is mounted at the upper truncated end of the
conical stress control member 6 by means of a mounting
device 29. The pipe-shaped extension member 27 is made of
an electrically insulating material, preferably the same mate-
rial as the stress control member 6. Also in this case the
pipe-shaped extension member 27 has a free end 25 consti-
tuting the free end of the stress controller device 5.

According to the present invention is also offered a method
involving the provision of a prefabricated cable termination
device. The method for prefabricating a cable termination
device comprises
mounting a stress controller device 5, having a hollow interior

19 adapted for insertion of a cable 30, inside a hollow

interior 9 of an insulator housing 1,
by mounting the stress controller device 5 to alower end 11 of

the insulator housing, said lower end 11 having an opening

forinsertion of'a cable 30 into the insulator housing 1 via its

lower end 11,
filling an electrically insulating gel 23 in liquid form into the

insulator housing 1 in a space formed between the stress
controller device and an inner wall 12 of the insulator
housing 1, such that part of the stress controller device 5 is
surrounded by insulating gel 23, and to a level where the
insulating gel is below a free end 25 of the stress controller
device 5 inside the insulator housing.

The manufacturing of the cable termination device would
normally also include sealing the insulator housing 1 at an
upper end 10 thereof. According to the invention, this may be
performed as part of the prefabrication process for the cable
termination device, or it may alternatively be done at the
installation site when the cable termination device is installed
on the cable.

Further, the prefabrication of the cable termination device
may also include preparation of the stress controller device 5
by mounting the stress control member 6 on the support pipe
7 thereby forming the stress controller device 5, and mount-
ing the stress control member 6 by means of the support pipe
7 to the insulator housing 1.

In an additional step, the method may also include mount-
ing a pipe shaped extension member 27 on a truncated top of
a conical stress control member 6, which pipe shaped exten-
sion member has a free end constituting said free end 25 of the
stress controller device.

Before installation of the prefabricated cable termination
device on a cable, the cable 30 should also undergo the nec-
essary preparation for the installation, such as removal of its
outer conducting or semi-conducting layer 33 at the end of the
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cable, and also removal of the insulating layer 32 at the
outermost end of the cable thus preparing the inner conductor
31 for connection to the external electrical connection 17.

The prefabricated cable termination device is self support-
ing and it could be installed on the cable in a vertically upright
position or at an angle to the vertical plane, up to approxi-
mately 45°. The prefabricated cable termination device is dry
before and after installation, and it is ready to be used, i.e.
installed on a cable, with no extra devices.

The present invention is not limited to the disclosed
examples, but may be modified in many ways that would be
apparent to the skilled person, within the scope of the
appended claims.

What is claimed is:

1. A cable termination device of the dry type, for terminat-
ing a high voltage cable, comprising

an insulator housing with an upper end and a lower end and

having a hollow interior, which lower end has an open-
ing for insertion of the cable,

further comprising

a stress controller device located inside the insulator hous-

ing and adapted to be mounted on a high voltage cable,
and

an electrically insulating gel filling at least part of the

hollow interior of the insulator housing and surrounding
at least part of the stress controller device,
characterised in that

the stress controller device is mounted at the lower end of

the insulator housing and extends from the lower end of
the insulator housing and into the housing where it has a
free end,

whereby a space is formed between the stress controller

device and an inner wall of the insulator housing, and
that said space is filled with insulating gel up to a level
which is below the free end of the stress controller device
inside the insulator housing.

2. The cable termination device according to claim 1,
wherein the stress controller device has a length extending
inside the insulator housing that is shorter than the length of
the hollow interior of the insulator housing.

3. The cable termination device according to claim 1,
wherein the stress controller device comprises a stress control
member and a support pipe and wherein the stress control
member is mounted to the insulator housing by means of the
support pipe.

4. The cable termination device according to claim 1,
wherein the stress controller device is provided with a deflec-
tor arrangement.

5. The cable termination device according to claim 1,
wherein the stress controller device comprises a stress control
member of a conical shape wherein a truncated top of the
conical stress control member is provided with a pipe shaped
extension, which pipe shaped extension has a free end con-
stituting said free end of the stress controller device.

6. The cable termination device according to claim 1,
wherein the stress controller device comprises a stress control
member of a conical shape and that the stress controller
device further comprises a pipe shaped extension member
mounted on a truncated top of the conical stress control mem-
ber, which pipe shaped extension member has a free end
constituting said free end of the stress controller device.

7. The cable termination device according to claim 1,
wherein it is self supporting.
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8. The cable termination device according to claim 1,
wherein the stress controller device and the surrounding elec-
trically insulating gel forms a compressible unit which can
adapt to different cable diameters.

9. The cable termination device according to claim 1,
wherein it is prefabricated, before installation on the cable.

10. A method for prefabricating a cable termination device
for a high voltage cable, having:

an insulator housing, and

a stress controller device adapted to be mounted on a high

voltage cable;

comprising the steps of:

mounting the stress controller device, having a hollow

interior adapted for insertion of a cable, inside a hollow
interior of the insulator housing, by mounting the stress
controller device to a lower end of the insulator housing,
said lower end having an opening for insertion of a cable
into the insulator housing,

filling an electrically insulating gel into the insulator hous-

ing in a space formed between the stress controller
device and an inner wall of the insulator housing, such
that part of the stress controller device is surrounded by
insulating gel, and to a level where the insulating gel is
below a free end of the stress controller device inside the
insulator housing.

11. The method according to claim 10, characterized in
mounting a stress control member on a support pipe thereby
forming the stress controller device, and mounting the stress
control member by means of the support pipe to the insulator
housing.

12. The method according to claim 10, characterised in
mounting a pipe shaped extension member on a truncated top
of'a conical stress control member, which pipe shaped exten-
sion member has a free end constituting said free end of the
stress controller device.

13. A method for achieving a cable termination on a high
voltage cable, comprising

installation of a prefabricated cable termination device of

the dry type on a high voltage cable,

the cable termination device comprising

an insulator housing with an upper end and a lower end
and having a hollow interior, which lower end has an
opening for insertion of the cable,

further comprising

a stress controller device located inside the insulator
housing and adapted to be mounted on a high voltage
cable, and

an electrically insulating gel filling at least part of the
hollow interior of the insulator housing and surround-
ing at least part of the stress controller device, char-
acterised in that

the stress controller device is mounted at the lower end
of the insulator housing and extends from the lower
end of the insulator housing and into the housing
where it has a free end,

whereby a space is formed between the stress controller
device and an inner wall of the insulator housing, and
that said space is filled with insulating gel up to alevel
which is below the free end of the stress controller
device inside the insulator housing.
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